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Abstract 
Industrial factories in urban development zones (UDZs) are a main source of both accident risk and aggregate risk. 
Aggregate risk is an important consideration in UDZs because of the potential for harm and serious disadvantages. 
The destruction of ecosystems and environmental disasters can occur when the pollutant is hidden and allowed to 
aggregate to high levels. The present paper reviews methods of aggregate risk assessment and proposes a program of 
aggregate risk assessment for UDZs. 
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1. Introduction 
China’s internal reform and its opening up to the outside world have led to the creation of urban 
development zones (UDZs), enabling foreign investment, advances in technology, managerial experience, 
and an increase in exports. UDZs are defined as zones dependent on cities, special economic policies, and 
management systems to agglomerate industries, attract foreign capital, and innovative techniques [1]. 
Generally, UDZs are advanced technology industrial development zones. As of 2009, 54 national UDZs 
have been created in China, generating more than 1,773 billion Yuan RMB （Renminbi）in GDP. UDZs 
have their own characteristics: 1) dependency on and symbiosis with their city of origin, 2) the 
development of industries and the economy, 3) special policy and management systems, and 4) spatial 
areas [2][3]. Spatially, UDZs are restricted by the development of the regional economy but can also 
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advance development. The high-speed development of UDZs can accelerate urbanization and change the 
form and structure of Chinese cities.  
UDZs can bring significant benefit to a society’s development, but serious pollution and damage to the 
environment can also occur when intensive manufacturing emits high levels of contaminants. UDZs, 
accommodating chemical-based or heavy manufacturing industries, can cause even greater damage if the 
contaminants contain noxious and toxic substances and are close to rivers and shorelines. Many chemicals, 
both natural and man-made, are released into the environment during production and post-production 
processes, and through dispersion and transport, they may find their way into air, water, soil, food, and 
other environmental media. Once these chemicals are released, humans may be exposed to them by 
multiple routes (e.g., ingestion, inhalation, and dermal absorption) [4]. These chemicals are easily missed 
because their concentrations can be negligible. However, they can distribute, transfer, and bio-accumulate 
in the environment and ecosystem, ultimately entering the human body. Once the chemicals have 
interacted and bio-accumulated, these noxious and toxic substances can damage organs and may even be 
fatal. Further, the chemicals can remain in the environment for long periods, possibly up to 20 years: the 
Minamata and Itai-itai diseases are classic examples of the longevity of such compounds. They may be 
emitted at negligible levels by manufacturing industries, but after a long period of distribution, transfer, 
and bioaccumulation, they enter the environment and ecosystems at high concentrations, interacting with 
environmental media and humans and ultimately causing an environmental disaster. Similarly, aggregate 
risk can also slowly increase over long periods, relatively unnoticed. Generally, an environmental crisis in 
a certain region often reveals a cumulative experience of a longer-term process. The damage first appears 
in one ecosystem element, then in multiple ecological factors after a certain period of accumulation, and 
ultimately poses a significant hazard to the entire ecosystem or human health [5]. Once an aggregate 
environmental risk has become an environmental disaster, the damage to human health and environments 
is greater than the damage from accidental environmental risk. In addition, it is difficult to repair the 
damage in the short term, even with vast financial, material, and human resources. Because the damage to 
humans and the environment is significant, aggregate environmental risk must be researched, assessed, 
and predicted.  
2. Review of aggregate risk assessment 
2.1 Definition of aggregate risk 
The Food Quality Protection Act  (FQPA) of 1996 defined a new safety standard for pesticide 
tolerances. Mr. Steve Johnson, Deputy Director of the USEPA (Environmental Protection Agency of the 
U.S.A) Office of Pesticide Programs, said, “It is very important for the agency to develop better ways to 
estimate risk from pesticide exposures. Models are needed that more accurately reflect real life situations. 
Estimating aggregate risk for single pesticides will undoubtedly bring to the forefront risks that are 
unacceptable. For this reason, we must be able to provide risk assessments that are based on sound science, 
and that reflect exposure and potential risk as realistically as possible.” [4] 
The FQPA discusses the exposure to a single chemical across sources, pathways, routes, and time as 
aggregate exposure. The USEPA Science Policy Council’s Cumulative Risk Subcommittee developed 
definitions for single-chemical or single-stressor situations [6]:  
Aggregate exposure - The combined exposure of an individual (or defined population) to a specific 
agent or stressor via relevant routes, pathways, and sources; and 
Aggregate risk - The risk resulting from aggregate exposure to a single agent or stressor.  
Aggregate risks can be added to or accumulated over time for a single agent or stressor across sources, 
environmental pathways, or exposure routes. Such single-stressor assessments are termed aggregate risk 
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assessments [6]. Characterizing aggregate exposure is the most important component of risk assessment: 
this involves the integration of exposures from all routes and sources. By all routes, we minimally mean 
that ingestion, inhalation, and skin contact are evaluated as possible routes of exposure. The relevant 
sources may be diverse and widely distributed and will depend on how the chemical is used (or formed), 
where it is released, how it is transported in the environment, and available levels for human exposure [4]. 
In aggregate risk assessments, we, by definition, consider risks to a given (single) chemical. However, 
other initiatives consider when and how multiple chemicals might be evaluated together in an exposure or 
risk assessment. There is no limitation that the “agents or stressors” are chemicals only: they may also be 
biological or physical agents or even the absence of a necessity, such as habitat [6]. 
In addition, the International Life Sciences Institute’s (ILSI) Risk Science Institute (RSI) has also 
termed the concept “aggregate exposure assessment”: a process for developing an estimate of the extent of 
exposure for a defined population to a given chemical by all relevant routes and from all relevant sources 
[4]. 
2.2 What are the characteristics of aggregate risk assessment? 
Aggregate risk assessment is an important component of environmental risk assessment, and while 
these concepts share characteristics, aggregate risk assessment has its own particular characteristics. 
Generally, environmental risk depends on three factors: 1) the level of a chemical present in an 
environmental medium (e.g., soil, water, or air), 2) the level of contact (exposure) a person or ecological 
receptor has with the contaminated environmental medium, and 3) the inherent toxicity of the chemical. 
Environmental risk can be characterized by two important factors: variability and uncertainty. 
Consideration must be given to both factors throughout the development of a risk assessment. Variability 
refers to the range of toxic response or exposure. For example, responses can vary depending on factors 
such as genetic differences or medical conditions. Exposure may vary depending on factors such as home 
or workplace, timeframe, food, or water. Uncertainty refers to our inability to know with certainty the risk 
posed, which is often due to incomplete data. For example, toxicology studies can involve the dosing of 
rats as surrogates for humans, and because we do not actually understand how humans and rats may 
respond differently, an uncertainty factor can be employed to account for possible differences [7]. 
Probabilistic models can then be used to evaluate the impact of variability and uncertainty in 
environmental risk assessment. 
In addition to the environmental risk characteristics mentioned above, aggregate risk also includes the 
following characteristics: 1) a single-chemical or single-stressor. The FQPA and USEPA define aggregate 
risk as a single-chemical or single stressor. If there is more than one chemical or stressor present, it is 
termed cumulative risk. Therefore, aggregate risks can be added, and the interaction of chemicals is not 
considered [6]. 2) Multi-source, multi-route, and multi-pathway. Even though just one chemical or 
stressor is present, it still affects human health and environments via relevant routes, pathways, and 
sources [4],[6]. 3) Negligible level of concentration and a long development period. The concentrations of 
pollutants initially released are negligible. The processes by which pollutants aggregate in environments 
and the human body are long and slow. 4) Difficult to detect. According to the long and slow period of 
pollutant aggregation, the damage to the ecosystem and human body is undetectable but constant (i.e., 
people lower their guards to aggregate risk). Finally, 5) significant damage and pronounced sequel. When 
the disaster occurs, the damage is unexpected, with long-term effects.  
2.3 Who are the objects of aggregate risk assessment? 
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The practice of risk assessment is evolving toward integrated assessments of pollutants in various 
media that may cause adverse effects in humans, plants, animals, and the processes and functions of 
ecological systems. In recent years, the emphasis of risk assessment has shifted to a broader approach 
characterized by greater consideration of multiple endpoints, sources, pathways, and routes of exposure, 
as well as a focus on all environmental media and, significantly, a holistic reduction of risk (Table 1) [8]. 
This more complex assessment involves aggregate risk assessment. 
Table 1. Transition in EPA Risk Assessment Characteristics.  
Old New 
Single Endpoint Multiple Endpoints 
Single Source Multiple Sources 
Single Pathway Multiple Pathways 
Single Route of Exposure Multiple Routes of Exposure 
Central Decision-making Community-based Decision-making 
Command and Control Flexibility in Achieving Goals 
Single Media-focused Multi-media Focused 
Single Stressor Risk Reduction Holistic Reduction of Risk 
 
Aggregate risk assessment focuses on the analysis and evaluation of the entire process, i.e., from 
sources to media, and ultimately to endpoints, with special focus on the human body. The obvious 
difference between traditional environmental risk assessment and aggregate risk assessment is the 
evaluation of the whole process. However, traditional risk assessment, especially human health risk 
assessment, can assist in aggregate risk assessment. Environmental toxicology, ecotoxicology, and the 
research of multimedia environmental pollution also play roles. Theoretically, aggregate risk assessment 
focuses on the environmental pollutant, while aggregate risk assessment considers the following 
substances: toxic chemicals (e.g., toxic organic substances, detergents, cosmetics, and additives), 
fertilizers, toxic waste solids, heavy metals, greenhouse gases, and pharmaceuticals.  
(1) Toxic chemicals 
Persistent organic pollutants (POPs) are the most investigated organic environmental contaminants of 
the last five decades. Organochlorines have been found worldwide in virtually all environmental 
compartments, and serious environmental implications are associated with the presence of POP group 
contaminants in the environment. Investigations of high-altitude environments have also confirmed 
suspicions that high-altitude mountainous regions have the potential to serve as focus regions for POPs, 
and even for non-persistent, medium-lived contaminants such as pesticides, the eco-toxicological 
consequences remain largely unknown [9]. Staples and Gulledge (2006) used Level III fugacity-based 
modeling to simulate the environmental compartment concentrations of ethylene oxide and then assessed 
the environmental significance of those potential emissions by integrating data regarding pertinent 
physical properties, degradation, loss mechanisms, and eco-toxicity [10]. In this way, potential regional-
scale risks to aquatic and terrestrial wildlife were identified.  
(2) Fertilizers 
Phosphorus (P), applied via fertilizer and manure, is important for increasing crop yields and soil 
fertility. However, excessive use of phosphate fertilizer and manure may also increase P loss from 
agricultural soils, posing an environmental threat. Excessive P application to meet crop demands can 
create a high environmental risk by enriching the soil with Olsen-P, soluble P, bioavailable P, and 
increasing P sorption saturation in agricultural soils [11]. To analyze the potential risks originating from 
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As and Cd accumulation in cropland soils through fertilizer applications, Chen et al. (2007) developed a 
trace element mass balance model to evaluate the long-term fate and transportation of As and Cd in 
cropland soils. Model simulation results demonstrate that the application of P fertilizers can cause Cd to 
accumulate in soil and increase the risk of its transfer through the food chain [12]. For the purpose of 
understanding the environmental fate of microcystins (MCs) and the potential health risks caused by toxic 
cyanobacterial blooms in Lake Taihu, Song et al. (2007) systematically surveyed the distribution of MCs 
in the water column and toxin bioaccumulations in aquatic organisms. The results of their risk 
assessments indicate that the lake poses serious health threats when used as a source of drinking water and 
for recreational use. In addition, it is likely unsafe to consume fish from the lake due to the high 
concentrations of accumulated MCs [13]. 
(3) Toxic solid waste 
Dellantonio et al. (2008) found that the disposal of coal combustion residues (CCRs) led to a 
significant contamination of land in the west Balkan region. Previously the land was fertile farmland but 
now contains barren CCR landfills. This group examined at management practices, the field ageing of 
CCRs, and the transfer of trace elements into crops, wild plants, and wastewaters. They found 
significantly enhanced concentrations of As in leachates from an abandoned landfill containing CCR 
transport water. Possibly due to significant initial leaching of Cr5+, the opposite was found for Cr [14]. 
Dellantonio et al. (2008) conclude that the public use of landfills should be determined using a prior risk 
assessment due to the heterogeneity of CCRs. 
(4) Heavy metals 
Sierra et al. (2007) surveyed an area in southeast Spain for hydrothermal and volcanic episodes from 
the Miocene to the Holocene period And found that both As and Pb exceeded soil-screening levels (SSLs). 
The variations in concentration were analyzed according to depth, fractionation, and for bivariate 
correlations. Their results demonstrated that the dangers posed by the presence of As and Pb are 
consistently low [15]. Vehicle waste (from scrap vehicles) is classed as hazardous waste and can contain a 
high metal content. Gonzalez-Fernandez et al. (2008) evaluated total metal content by using two simple 
standardized extractions: the USEPA’s toxicity characterization leaching procedure (TCLP) and the 
German leaching test DIN 38414-S4. Their results revealed that the total metal content of automotive 
shredder residues can surpass the established values for inert residues [16]. The metal content of lead and 
zinc reasonably correlate with grain-size, while the contents of other metals do not exhibit clear grain-size 
dependencies. 
(5) Greenhouse gases (GHGs) 
Petrochemical and energy-related industries are responsible for the substantial emission of SO2, NOx, 
particulates, and VOCs （volatile organic chemicals）, and they contribute to ozone pollution. The major 
industries are generally concentrated within a restricted area, and very close to residential areas and 
natural resources. Soares and Pereira (2007) created a space–time model of pollutants based on direct 
sequential simulation with local spatial trends [17]. Environmental risk and cost maps were then designed 
from a set of simulated pollutants. Sulfur hexafluoride (SF6) is widely used in a variety of industrial 
processes, commercial products, and scientific fields because of its unique characteristics (e.g., relatively 
low toxicity, extreme inertness, and high dielectrics), but the chemically stable gas is one of the most 
potent GHGs, and is included in the Kyoto Protocol. All SF6 decomposition products discharged as 
effluent and vented gases are converted into fluorides and can potentially cause fluorosis and chronic 
fluorine intoxication, as well as affect environmental quality. Thus, the aggregate risk for SF6 should be 
evaluated [18]. 
(6) Pharmaceuticals 
The potential risks associated with pharmaceuticals have also been assessed, and some of their 
concentrations are high enough to pose potential risks in hospital effluent [19]. For example, Paroxetine 
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(PA) is a pharmaceutical compound used to treat depression, social anxiety disorders, and panic disorders. 
PA is extensively metabolized in humans, with approximately 97% of the parent compound being 
excreted as metabolites in patients’ urine and feces. Therefore, PA (via metabolites) can potentially be 
discharged into wastewater treatment systems after therapeutic use [20],[21]. 
(7) Methodology 
Others methods and models have been developed in addition to those mentioned above. When 
determining an aggregate exposure assessment for an individual, dose of exposures from all relevant 
routes, sources, and pathways are calculated. Such estimations may vary because of the function of space 
and time (e.g., different days). When populations are assessed, the ranges in individual doses, as a 
distribution on individual characteristics (e.g., age, sex, ethnicity, place of residence, and occupation), are 
studied. Both assessments are classified as exposure models. An information diffusion method on the 
basis of gridding system is proposed to assess regional aggregate environmental risk with case studies in 
Huangge town and Nansha town in China. The information of a single environmental risk source can be 
diffused effectively by applying fuzzy set theory with consideration of the characteristics of regional risk, 
which is multi sources, multi paths and multi objects [22]．The Monte Carlo simulation is a well-
established method for determining the distribution of estimated exposure values under these conditions 
[4]. Sadiq developed a methodology for estimating the aggregative risk for various environmental 
activities, pollution sources, and routes in a given process. The rate of risk is defined by a product of grade 
of risk (r, magnitude) and grade of importance (i, intensity). Both are expressed by a qualitative scale that 
is defined by triangular fuzzy numbers to capture the vagueness in the linguistic variables [23]. A three-
stage hierarchical structure aggregative risk model was developed for the grouping of risk items. To 
evaluate the overall environmental hazard of unknown mixtures, based on bio-concentration potential and 
toxicity, Gutierrez et al. combined two methodologies: (1) the estimation of the octanol–water partition 
coefficient (Kow) using reverse-phase high performance liquid chromatography (RP–HPLC) and (2) 
toxicity identification evaluation (TIE) [24]. Based on measures of each component (chemistry to 
determine chemical contamination, bioassay to determine toxicity, and benthic community structure to 
determine the status of infauna arguably exposed to the sediment), a Sediment Quality Triad method (SQT) 
determines the correspondence of components and integrated together to provide information regarding 
the possible biological significance of chemical accumulations then provides an overall assessment of risk 
[25]. Additionally, this SQT method provides (1) direct measurements of exposure and effects of 
contaminants; (2) identification of problem areas where contaminations are causing adverse ecological 
effects; (3) prioritization and ranking of such areas according to their risk degrees; (4) risk-based 
information for decision-making in risk management. 
3. The application of aggregate risk assessment in UDZs 
As a spatial zone, UDZs often foster the agglomeration of industries near residential areas. The 
aggregate risk of UDZs has two key characteristics: 1) the agglomeration of pollution sources and high 
levels of discharge. For instance, a single development zone usually covers an area of < 20 km2, but there 
are usually many large-scale industries located within UDZs. The substantial discharges from the UDZ 
accumulate and put pressure on the local environment. 2) Numerous objects and receptors. UDZs are 
usually located close to suburban and residential areas, potentially causing significant harm to large 
human populations, the local environment, and ecosystems. Some toxic substances are found at very low 
concentrations and are not monitored, but they will accumulate in environmental media and organisms, 
enter the food chain, and ultimately, human bodies. The period covering the development of risk to 
realization is long and easily disregarded, but we must remain aware of the aggregate risk of UDZs and 
assess their contaminants.  
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Currently, research regarding the aggregate risk of toxic contamination discharged from UDZs is 
scarce, with few groups focusing on the traditional environmental risks of UDZs. Zhang and Shang (2002) 
selected 14 indices from water, air, and other environmental factors and developed an environmental risk 
early-warning system for development zones. An economic development zone in Changchun City was 
used as a case study, and their results can help to counteract environmental risk [26]. Yu and Zou (2007) 
devised a coastal early-warning system; a development zone in Yancheng City, Jiangsu Province, was 
used as the case study. The authors used principal component analysis, second curve forecasting methods, 
expert fuzzy prediction methods, environmental indicators, and subsystem level weights to provide an 
early-warning and forecast system for the Yancheng coastal zone. This study suggests that Yancheng’s 
social environment indices gradually increased, and the environmental pollution index fell, in the warning 
area [27]. An et al. (2008) compared the environmental risk of a development zone with project 
environmental risk and state that environmental risk has the following characteristics: 1) is holistic and 
regional. The identification of the environmental risk of UDZs should be considered holistically (i.e., how 
the industry is programmed, the development of trends, and the arrangement of projects) and regionally 
(i.e., the relationships among industries, projects, and the environment are also considered). (2) The 
characteristics of risk sources are initially unclear. During early development, project numbers, size, 
appropriate techniques, and the strength of contamination sources are unknown [28]. 
4. Conclusions and outlook 
China has established a number of UDZs, regionally and provincially, to assist with economic 
development. However, UDZs can result in significant contamination, pollute local environments, and 
threaten human health. Initially, when toxic substances enter local environmental media, their 
concentrations are low, but levels increase at very high rates after bioaccumulation. When these 
substances enter the human body, the doses are often high enough to cause harm. The period of risk to 
realization is long, enabling many toxic substances to go undetected. Thus, aggregate risk, especially 
regarding UDZs, must be assessed. Aggregate risk assessment is based on developments in, e.g., 
environmental toxicology, ecotoxicology, and multimedia environmental pollution. There are significant 
amounts of data available to establish the various dose-effect relationships of toxic substances. 
Additionally, aggregate risk assessment refers to the methodology and theory of health risk assessment 
and integrated risk assessment. 
As environmental pollution worsens, aggregate risk assessment stemming from UDZs will produce: 1) 
impersonal methodologies. At present, methods of aggregate risk assessment usually use the index 
method and then apply subjectivity to risk assessment. 2) Spatial and temporal modeling. Aggregate risk 
has strong spatial and temporal diversity. Thus, aggregate risk modeling should integrate both space and 
time. Such modeling should deal with problems of, for example, risk trends and predicting the impact of a 
disaster. 3) The relationships of all relevant sources, routes, pathways, and endpoints of aggregate risk. 
Aggregate risk assessment is characterized by its holistic approach compared to human health risk and 
accident risk assessment. Furthermore, the routes and pathways are key because the risk will not be 
reduced if the routes or pathways are not clear. 4) Aggregate risk assessment modeling for UDZs. UDZs, 
while generally considered the developmental centers of local economies, discharge significant levels of 
pollution, placing serious burdens and risks on the environment. With this in mind, attention must be paid 
to aggregate risk assessment and its management. 
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